
UNCLASSI IED /

EP 10 1956

• .,MATERIAL LABORATORY p

• " NEW YORK NAVAL SHIPYARD
L BROOKLYN 1, NEW YORK

A, S T I/ A.

I.I

Reproduced From
Best Available Copy

;5/ ._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __!.m >':'.• :I:i " 
' . " " :: . ..

< • './



NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other
data is not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveying any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.



U N C L A S S I F I D

TUEA5'c-1 PZPc=
on

ml!E SPFTRAL REFLECTAME ? I) TAN MII A,EC
OF STANDAR ! FA.P.ICS FOR

IHEIAL RADIATION ZFFECTS SVUDIES

tab. Project 5046-3, .zrt '71, Final RePort
W- O81-001

Technical Objective A:-7j, AFSWE 957

28 Aug 1756

o Pe do Lhery
W. Darksen
To . Konahan

Optics and luc3 eonics nTanth
J. N. Mc!roevy, Head

Superintending Entgineer The Director
0EO. J. DAS!'EFSKT CAPAIN A. P. JONES, Jr., USN

NAVAL MATERIAL LABORARY
New York Naval Ship 'ard

Brooklyn 1, 'T. Y.

U N 0 L A S S I F T L D



Lab. Project 5046-3, Part 91

Final Report

The spectral reflectance and tranmittame ofustandard fabrics for ther-

mal radiation research, varying in color free undyed to deep blacr were me06sured

for radiation of wave lengtW from 0,40 to 2.7 microns. The spectral characteris

tics of white sheeting olive green 107 cottan sateen, and wind resistant popling

shade 116 were also measured. These standard clothe are being mployed in the

thermal radiation studies at ML and other laboratories. The refeotAnce for

carbon-are radiation of the standard fabrics ranged from 0.63 for the undyed

sateens to 0.09 for the deep black. The carbon-are radiant tranamittances ranged

from 0.12 for the undyed sateens to 0,00 for the dark gray, black and deep black.

The radiant absorptances ranged from 0.25 for the undyed sateens to 0.91 for deep

black.
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AD1IIISTIRTIVE INT034ATION

1. his investivation has been conducted at the Naval Material Laboratory as
part of the proiram originally proposed by Conanier, New York Naval Shipyard,
cofidential letter s99/i,5, Ser 960-92, of 15 parch 1950 and approved by Dwreau
of fhips speedletter S99-(0)(346), Ser 34i"-75, of 6 April 1950. The Thermal !?a-
diation studies at the Naval Material Laboratory are sponsored by the Armed
Forces Special weapons YToject. T1, reflectance and transmittance data of the
standard fabrics were requested by Armed Forces Special Weapons Project letter,
SWPEF-1 928 of 30 November, 1955 and the Quartermaster Research and Development
Con-and letter, W4RDO-PRS of 30 November, 1955.

INTRODUCTION

2. A series of fabrics I-ay been prepared by the Quartermaster Research and
n'evelopment Command for mse by the various agencies conducting thermal radia-
tion effects studies under the sponsorship and coordination of thq Armed Forces
Special Weapons Project. These special fabrics consist of 9 os/yd" cotton sateen
dyed to various shades of gray with finely divided lampblack as a pigment and a
methyl cellulose binder. Also included in the standard cloths were a light weight
cotton sheuting and a poplin to be employed as component of the Hot-;et uniform.
The cloths were designated as follows:

(24-1. cotton, sheeting, L oz., bleached.
wJ-2. cotton, sateen, 9 oz., prepared for dying.
(11-3. cotton, sateen, 9 oz., 0.G.107.
cr.-4. cotton,, sateen, 9 oz.# undyed, 1./ C.
71-5-65. cotton, sateen, 9 oz., CKC and carbon black, light gray.
4M-6-40. cottan, sateen, 9 oz., CHC and carbon black, medium gray.
C1-7-22. cotton, sateen, 9 oz., M.C and carbon black, dark gray.
QT-i-12. cotton, sateen, 9 oz., C4C and carbon black, black.
(-,-7. cotton, sateen, 9 oz., CHC and carbon black, deep black.
(4A-s ifl-I . coton, W. i. Poplin, 5 oz., Type I, class A, shade 116.

3. Cor use in thermal radiation effect studies it is desirable to know the
spectral reflectance and transmittance as well as the radiant absorptance, re-
i'lectance, az,' transmittance for the particular source employed. The Naval Ma-
terial Laboratory has measured the spectral reflectance and transmittance for
wave lengths from 0.0 to 2.7 microns and has computed tiv radiant absorptance,
ref .ctance and transmittance for the carbon-arc and 3000 K black-body speotra.

EEIMENTAL PROC DXMRE

'4. The spectral reflectance and transmittance of special fabrics for thermal
radiation studies were measured employing throe spectrophotometers covering
the wave lengtth range from 0.lO to 2.7 micronn. lbl data for the visible spec-
trum, I rom 0.40 to 0.70 micron, were obtained by the Goneral Ilectric, dual beam,
recordin, spectrophotometer. 'ih near infra-red measurements, from 0.70 to 1.0
micron, were made with a similar spectrophotometer modified to measure longer
wave laotfliv. The data for the infrared wave ItilOhs from 1.0 to 2.7 yicronsp
were moatlurid employing, a recording ruoloctomet,r, conntructd at ML.
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5. The data on the infrared reflectometer were extended to 0.50 micron so that
correlation between the three measurin! devices could be obtained.

6. In the visible and near infrared regions a vitrolite reflectance standard,
which had been calibrated against a smoked magnesium oxide surface by the Nation-
al Bureau of Standards, was emploNW. The absolute reflectance of vitrolite was
computed from data for magnesium oxide published by Middleton.2

7. In the infrared region above 1.0 micron, an aluminized glass mirror was em-
ployed as a reference reflectance standard. The reflectance of the aluminised
mirror for wave lengths less than 1.0 micron was measured on the 0. E. Spectro-
photomters and values for the longer infrared wave lengths vqre extrapolated
employing the data for aluminised films as published by Hass.-)

8. When measuring transmittances for diffuse substances, in the visible and near
infrared, a light baffle was employed inside the collecting sphere of the General
Electric Spectrophotometer to block transmitted light that would be directly de-
flected to the receiving cell before reflection from the sphere wall. The fabric
samples were placed against the port in the sphere wall rather than in the normal
position for specular samples. The diffusely transmitted energy which failed to
enter the sphere in the specular position could be as much as 50 per cent.

R SULTS

9. The spectral reflectance and transmittance for the standard fabrics are
Riven in Tables 1 and 2. For ease of inspection the spectral transmittance is
plotted, in Figure 1 for the grays and in Figure 2 for the uniform fabrics.
The spectral reflectance is similarly plotted in Figures 3 and h, and the ab-
sorptance in Figures 5 and 6.

10. As an indication of the reproducibility of the reflectances obtained with
the instruments used at NML, it was determined that the reflectance of the
olive 5een aotton sateen deviated no more than ± 0.02 from the samples of the
9 os/yd 00 107 cotton sateen investigated periodically during the past four years.

ll. The trans-' .ttance of the three darkest grays, the deep black, the black and
dark gray was found to be less than 0.005 for all wave lengths. The two outer
uniform fabrics, the 00 sateen and poplin, likewise did not transmit radiation in
the visible and near infrared but for wave lengths longer than 1.0 micron the
transmittance was as high as O.11 for the sateen and as high as 0.23 for the
lighter poplin. The light sheeting, intended for an underwear fabric, trans-
mitted 0.36 non-selectively in the visible and near infrared regions; for wave
lengths longer than l14 microns, however, the transmittance decreased irregular-
ly to a minitmum of 0.15 at 2.5 microns. The transmittance of the medium gray,
light gray and undyed fabrics was about 0.01 at 0.4 micron and at 2.7 microns,
with a maximum value in the region of 1.0 micron, dependent on the amount of dye
added. The fabrics which transmit, do so selectively with wave length.

2,3 ilorjh
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12. The reflectance of the darker gray fabrics gradually increases from its
lowest value at Oi microns to a maximum about twice this value at approdmate-
ly 2 microns, resulting in a selectivity to this extpnt. The lighter grays and
undyed sateens show the typical irregular spectral reflectance of cotton fabrics
in generals with a maximum value in the red andnear infrared regions. The re-
flectance is influenced only for the visible radiation by the finely divided
lampblack pigment. The uniform fabrics which were dyed olive green have a low
reflectance in the visible region, the irregular reflectance varying from a low of
0.05 at O.I' microns to a maximum of about 0.1 at 0.55 microns and decreasing &ain
for the red wave lengths. The reflectance for the uniform fabric increases rapid-
ly in the near infrared to values of 0.60 to 0.65 at about 1.3 microns and follows
the reflectance characteristic of the undyed fabrics for the lcaner infrared wave
lengths. The reflectance characteristic of having twice the reflectance for the
green radiant energy than for the other colors imparts the green color to the *
fabric; the low reflectance results in the dark or olive green shade.

13. The spectral abeorptance for the three darkest gray sateens is high and
only slightly selective. The other fabrics have a wave length selectivity to
thermal radiation which is important in most studies.

14. The radiant reflectance, transmittance and absorptance were computed for
the carbon-arc and the tungsten spectra and are listed in Table 3. Also in-
cluded in the table are the values for the fabrics with special absorption
characteristics prepared similarly as the present standard thermal radiation
fabrics. The aboorptance of the standard fabrics range from 91 per cent for
the deep black to 25 per cent for the undyed sateen. Table 3 illustrates that
the effect of the spectral selectivity of the standard fabrics is small for
the range of sources normally employed in l4boratory studies of intense thermal
radiation effects. The carbon-arc and 3000Kblack body radiant absorptance re-
flectance and transmittance, for the three uniform fabrics, the 0.0. cotton sateen,
the poplin and the bleached sheeting however are appreciably selective.

15. The three darkest gmys have no net thermal radiation energy transmittance
as determined from the spectrophotometric data; the other fabrics, however all
have some transmittance even though only the h oz/yd2 sheeting has visible trans-
mittance. ""te difference in radiant absorptance between the poplin and sateen
uniform fabrics in due only to the difference in the amount of infrared energy
transmitted.

16. Visual examination of the gray fabrics of recent fabrication compared to
those made several years ago indicates that the color designations will cause
confusion. This is borne out by the reflectance and absorptance of the "deep
black" fabric which has less absorption than one previously called "dark gray".
Considerable burn and other thermal effect data hav,,been obtained with the
earlier gray sateens which will be of value in studies with these fabrics if
proper corrections are made. For precise reference to a fabric the actual ab-
sorptanoe would provide definite designation of the particular fabric.

Approvedi
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TALE 1
The Spectral Transmittance md Reflectince of th%

Standard Fabrics far Thermal Radiaticx Effect Studies

.3 %

U 0

- .. , - - - - - -

R T R T R T R T R T R T R T

0.40 0. 00. 7 0.o2 0*47 0. 0..4 2 0.00 0.09 0,00 C.07 0.W
0.42 0.46 0.03 0.50 0.04 O.U 0.02 0.4h 0.02 0.17 0.00 0.09 0.00 0.07 0.00
0.44 0.49 0.04 0.53 0.05 o.46 0.03 0.45 0.02 0.17 0.00 0.09 0.00 0.07 0.00
0.46 0.52 0.05 0.56 0.06 0.48 0.03 0.46 0.02 0.18 0.00 0.09 0.00 0.07 0.00
0.48 0.55 0.07 0.59 0.07 0.50 0.04 0.47 0.02 0.18 0.00 0.09 0.00 0.07 0.00
0.50 0.58 0.08 0.61 0.09 0.51 0.04 0.47 0.02 0.18 0.00 0.10 0.00 0.07 0.00
0.52 0.60 0.09 0.63 0.10 0.52 0.05 0.48 0.02 0.19 0.00 0.10 0.00 0.07 0.00
0.54 0.63 0.11 0.65 0.11 0.54 0.05 0.49 0.03 0.19 0.00 0.13 0.00 0.08 O.CO
0.56 0.65 0.12 0.67 0.12 0.55 0.06 0.49 0.03 0.19 0.00 0.10 0.00 0.08 0.00
0.58 0.67 0.13 0.68 0.13 0.55 0.06 0.50 0.03 0.19 o.oo 0.10 0.00 0.08 0.00
0.60 0.68 0.14 0.70 0.14 0.56 0.06 0.50 0.03 0.20 0.00 0.10 0.00 0.08 0.00
0.62 0.70 0.15 0.71 0.15 0.57 0.07 0.51 0,03 0.20 0.00 0.10 0.00 0.08 0.00
0.64 0.71 0.16 0.71 0.16 0.57 0.07 0.51 0.03 0.20 0.00 0.10 0.00 0.08 0.00
0.66 0.72 0.17 0.72 0.17 0.58 0.08 0.51 o.oj 0.20 0.00 0.31 0.00 0.08 0.00
0.68 0.73 0.18 0.73 0.18 0.59 0.08 0.52 0.04 0.21 0.o0 0.11 0.00 0.08 0.00
0.70 0.73 0.19 0.74 0.18 0.57 0.08 0.50 o.oh 0.21 0.00 0.11 0.00 0.08 0.00
0.75 0.72 0.19 0.72 0.19 0.58 0.09 0.51 0.03 0.20 0.00 0.10 0.00 0.08 0,00
0.80 044 o.19 0.74 0.19 0.60 0.09 0.53 0.03 0.21 0.00 0.11 0.00 0.09 0.00
0.85 0.74 0.20 0.73 0.19 o.6O 0.10 0.53 0.03 0.21 o.oo 0.11 o.oo 0.09 0.00
0.90 0.74 '.20 0.74 0.19 0.60 0.10 0.54 0.03 0.22 0.00 0.11 0.00 0.09 0.00
0.95 0.74 0.19 0.73 0.19 0.61 0.10 0.54 0.03 0.22 0.00 0.11 0.00 0.09 0.00
1.00 0.74 0.20 0.73 0.19 0.60 0.10 0.54 0.03 0.22 0.00 0.11 0.00 0.09 0.00
1.10 0.72 0" 0.71 0.19 0.61 0.11 0.54 0.04 0.23 0.00 0.12 0.00 0.10 0.00
1.20 0.71 0.17 0.70 0.17 0.61 0.10 0.54 0.04 0.24 0.00 0.12 0.00 0.10 0.00
1.30 0.71 0.18 0.71 0.18 0.62 0.11 0.56 0.04 0.25 0.00 0.13 0.00 0.10 0.00
1.40 0.68 0.15 0.66 0.15 0.62 0.10 0.56 0.04 0.26 0.00 0.14 0.00 C.11 0.00
1.50 0.54 0.06 0.54 0.05 0.51 0.05 0.50 0.02 0.25 0.00 0.13 0.00 0.11 0.00
1.60 0.56 o.o7 0.56 0.06 0.53 0.06 0.50 0.02 0.25 0.00 0.14 0.00 0.11 0.00
1.70 0.63 0.11 0.63 0.11 0.58 0.08 0.55 0.03 0.27 0.00 0.14 0.00 0.12 0.00
1.80 0.61 0.10 0.61 0.10 0.58 0.07 0.55 0.03 0.27 0.00 0.14 0.00 0.12 0.00
1.90 0.58 0.09 0.58 0.09 0.57 0.07 0.54 0.03 0.28 0.00 0.15 0.00 0.13 0.00
2.00 0.55 0.07 0.54 0.06 0.52 0.06 0.51 0.03 0.27 0.00 0.15 0.00 0.13 0.00
2.10 0.41 0.02 0.40 0.01 0.41 0.02 0.41 0.01 0.25 0.00 0.15 0.00 0.13 0.00
2.20 0,48 0.04 0.48 0.03 0.47 0.03 047 0.02 0.26 0.00 0.15 0.00 0.13 0.00
2.30 0.42 0.02 0.39 0.01 0.39 0.02 0.39 0.01 0.24 0.00 0.15 0.00 0.12 0.00
2.40 0.39 0.02 0.40 0.01 0.40 0.02 0.39 o.01 0.25 o.o0 0.15 0.00 0.13 0.00
2.50 0.30 0.01 0.29 0.00 0.29 0.01 0.32 0.01 0.21 0.00 0.14 0.00 0.12 0.00
2.60 0.36 0.01 0.36 0.01 0.36 0.01 0.37 0.01 0.24 0.00 0.15 0.00 0.12 0.00
2.70 0.34 0.01 0.35 0.01 0.34 0.01 0.36 0.01 0.16 0.00 0.13 0.00 0.12 0.00

R - reflectance
T - transmittance
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The Spectral Transmittance and Reflectance of
the Uniform Fabrics

Gave lenrthottn Plenc-

Cotton
(1) Cron (3__ 3. ,

T R T T0.40 0.61' 0.35 0o'0 5 C..41D Q.L 'i
0.i2 0.61 0.36 .% 0.00 .CO.
0. Us 0.61 0.37 0.05 0.00 0.05 0.00
o.46 0.61 0.37 0.05 01.00 C.06 0.00
0.48 0.61 0.36 0,06 0.00 0.,1 0.00

0.50 0.61 0.36 0.06 0.00 0.00 0,00
0,52 0.61 0,36 0.07 ).00 8.10 0.00
0.54 0.60 0.36 0.9 o.00 011 0.01
0.56 0.60 0.36 0.10 0.00 0.11 0.01
0,5b 0.60 0.36 0.09 0.00 0611 0.01
0.60 0,59 0.36 0.09 0.00 0.10 0.00
0.62 0,59 0.37 0.08 0.00 0.09 0,00
0.64 0.59 0.37 0.07 0.00 0.08 0.00
0.66 0,59 0.37 0.07 0.00 0.08 0.00
0.68 0.59 0.37 0o06 0.00 0.08 0,00
0.70 0.59 0.38 0.07 0.00 0.08 0.00
0.75 0.58 0.37 0.08 0.00 0109 0.00
0.80 0.59 0.37 0.11 0.00 0.12 0.01
0.85 0.59 0,37 0.15 0.00 0.17 0.01
0.90 0.59 0.38 0.22 0.00 0.25 0.03
0.95 0.60 0.38 0.30 0.01 0.35 0,06
1.00 0.59 0.37 0.37 0.03 0.43 0.10
1.10 0.58 0.37 0,52 0.08 0.60 0.20
1.20 0.58 0.36 0.57 0.10 0.64 0.22
1.30 0.57 0.37 0.61 0.11 0.67 0,24
1.4o 0.58 0.36 0.60 0.10 0.66 0,22
1.50 0.50 0.27 0.51 0.05 0.53 0.16
1.6o 0.51 0.29 0.53 0.06 0.54 o.16
1.70 0.55 0,34 0.60 0.09 0.62 0.19
1.80 0.55 0.33 0.59 0.09 0.61 0.18
1.90 0,53 0.32 0.56 0m08 0.59 0.17
2.00 0.51 0.30 0.54 0-07 0.55 0.15
2.10 0.39 0.20 01,O 0.02 0.39 0m06
2.20 0,46 0,26 0.48 0.0% 0.47 0.10
2.30 0,38 0.20 0.39 0.01 0.38 0.06
2.h0 0.39 0.20 0.37 0.02 0,36 0.06
2.50 0.31 o.14 0.31 0.01 0.29 0,03
2.60 0.37 0.19 0.36 0.01 0.36 0.05
2.70 0.36 0.19 034 0.01 0.35 0.05
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TABTE 3
The Cnrbon-arc ad 3000 K Ifack-bedy

Radiant Absorptance, Rerlectance and TrwnxmIttance
of the Standard Fabrics for Thnrmal Radiation Effect.s Stlii9e

No. Color rp c 0 tn '.bo4
R T A r" T , A

9-7 Deep Black Cotton Sateen 0.09 0.00 0.91 0.10 0.00 C. 'O
8-12 Black Cotton Sateen 0.11 0.00 0.89 0.12 0.00 0).8F

722 Dark OrK Cotton Sateen 0.21 0.00 0.79 0.23 000 0776-h0 Medium OM Cotton Sateen 0.50 0.02 0.47 0.51 0,03 o.46
5-65 Light Bla Cotton Sateen 0.54 0.07 0.39 0.56 0.07 0.7
4 Undyld Cotton Sateen 0.63 0.12 0.25 0.63 0.13 0,24
3 Dark i7 Cotton Sateen 0.28 0.03 0.69 o.ho 0.05 0.55

2 Prepared forDying Cotton Sateen 0.63 0.12 0.25 0.64 0.13 0.23
1 Bleached Cotton Sheeting 0.58 0.34 0.08 0.56 0.33 0.13

RRS-I Shade 116 Cotton Poplin 0.30 0.17 0.63 0.57 0.12 o.23
Black Cotton Sateen 0.8 0.03 0.96 0.*05 0.0 0.95
Dark Cotton Sateen 0.07 0.12 0.93 0607 .0.1 0.93

Medium 4O7 Cotton Sateen 0.31 0.00 0.69 0.33 0.00 0.67
Light @ra Cotton Sateen 0.50 0.06 0.hh 0.52 0.06 o.42
White Cotton Sateen 0.71 0.15 0.lh 0.73 0.12 0.15
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Commandant, Welter Reed Army Institute of Hesearch&
Wsi' er Reed Army Medical Center,
Wahrgto. 25, D. C. ATTh: Dept. of Biophyslcs

C,-mmndant, Chem!cai Corps School,
Chemicas .orpr 'r!t'-lng Command,
Ft. McClellan, Alt..

Commanding General, 2
Rq.sarch & Engineering Command,
A."y Chem!cal c ter, #do ATTNt Deputy for RW & Non-Toxic Material

Commandi ng General ,
The Engineer Centor,
Ft., BelvzOr, Vc, ATTN. Asstt. Commandant, Eng School

Commanding rin.rmi, 2
Aborceen Fcvnq Ground,
Ahtrdoei Pro4lnq Ground9 Md. ATTNs Director, Ballistics Research

Laboratory

CommandTng OGffl.ei ,
Enjn1,:er Res~rch & Development Laboratory,
Ft. Se %5r, Va. ATTNt Chief, Tech Intelligence Branch

Commanding Off lcer,
PlcetInny Arsenal,
D over, N. J. ATTNs ORB8-TK

Cowmndlng Officer,
Frankford Arsenal,
Philadelphia 37, Pa. ATTN: Col Tewes Kundel

Commanding Of ficer,
Army Medical Research Laboratory,
Ft. Knox, Ky.
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Commanding Officer, 2
Chrmical & Radiological Lab.
Army Chemical Centers Ad. ATTNt Tech Library

Commanding Officer,
Trensportat ion Command,
Ft. Eustls, Va. ATTNs Special ProJects Division, Technical

Intelligence Branch

Director, Technical Documents Center
Evans Signal Laboratory.
Belmar, N. J.

Director, Waterways Experiment Station,
P. o. Box 631,
Vicksburg, Miss, ATTN. Library

Director, Operations Research Office,
The Johns Hopkins University#
7100 Connecticut Avenue,
Chevy Chase, Md., Washington 15a D. C.

Chemical Biological and Radiological Warfare Branch 2
Quartermaster Research & Development Command,
Quartermaster Research & Development Center,
Natick, Mass.

NAVY

Chief of Naval Operations, 2
Dept. of the Navy,
Washington 25, D. C. ATTNs OP-36

Chief of Naval Operations,
Dept* of the Navy,
Washington 25, D. C. ATTNs OP-OEG

Chief, Bureau of ',-dlcine & Surgery,
Dept. of the Navy,
Washington 25, DO. C. ATTNs Special Weapons Defense Division

Chief, Bureau of Ordnance,
Dept. of the Navy,
Washington 25, D. C.

Chief of Naval Personnel,
Dept. of the Navy,
Washington 25, D. C. ATTNt Pars C-115

Chief, Bureau of Ships,
Dept. of the Navy,
Washington 25, D. C. ATTNI Code 3B 2

Code 312
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Chief, Bureau of Supplies and Accounts#
ept. of the Navy,

Washington 25, D. C.

Chief, Bureau of Yards & Docks,
Dept. of the Navy,
W shlnton 25, D. C. ATTNt Da140o

Chief, Bureau of Aeronautics,
Dept. of the Navy,
Washington 25, D. C.

Chief of Naval Research,
Dept, of the Navy,
Washington 25, D. C. ATTNt Code 811

Commander-in-Chief,
U. S. Pacific Fleet, FPO,
San Francisco, Calif.

Commander-In-Chef t
U. S. Atlantic Fleet,
U. S. Naval Base,
Norfolk II, Va.

Commandant of the Mkarine Corps,
Dept. of the Navy,
Washington 25, D. C. ATTNt Code A03H

President, U. S. Naval War College,
Newport, R. I.

Superintendent, U. S. Naval Postgraduate School,
Monterey, Calif.

Commanding Officer, 2
U. S. Naval School. Command,
U. S. Naval Station,
Treasure Island, San Francisco, Callfe

Commanding Officer, 2
U. S. Fleet Training Center,
Naval Base,
Norfolk II, Va. ATTN= Special Weapons School

Commanding Officer, 2
U. S. Fleet Training Center,
Naval Station,
San Diego 31, Calif. ATTNt SPP School

Commanding Offlcer,
Air Development Squadron 5, VX-5,
U. S. Naval Air Station,
Moffett Field, Callf.
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Commanding Officer,
U. S. Navel Damage Control Training Center,
Naval Base,
Philadelphia 12# Pa. ATTNs ABC Defense Course

Commanding Officer,
U. So Naval Unit,
Chemical Corps School,
Army Chemical Training Center,
Ft. McClellan, Alabama

Commander, U. S. Naval Ordnance Laboratory,
White Oak, Silver Spring 19, Ad.
ATTN, FE

R

Commander, U. S. Naval Ordnance Test Station,
China Lake, Calif.

Commanding Officer,
U. S. Naval Medical Research Institute,
National Naval Medical Center,
Bethesda 14, Md.

Director, U. S. Navel Research Laboratory,
Washington 25, D. C. ATTNt Code 2029

Commander, New York Naval Shipyard,
Brooklyn I No Y. ATTNt Director, The Material Laboratory

Commending Officer & Director,
U. S. Naval Electronics Laboratory,
San Diego, Calif. ATTNt Code L4223

Commanding Officer, 3
Us So Naval Radlolonlcal Defense Laboratory,
San Francisco 24, -alif. ATTNs Tech Info Div

Commander, U. S. Naval Air Development Center,
Johnsville, Pa.

Commending Officer,
Clothing .up.ly Offlee,
Code IO-O,
29th Street & 3rd Avenue,
Brooklyn 2 N. Ye

CommendIn Officer,
Naval edlceal Field Research Laboratory,
Camp Lejuno, N. C.
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Assklunt for Atomic Energy,
Headquarters, Us S. Air Force,
VWashington 25, D. C.

Director of Operations,
Headquarters, U. S. Air Force.
Washington 25, D. C. ATTN: Operations Analysts

Director of Plans,
Headquarters, U. So Air Force,
Washington 25, D. C. ATTNh War Plans Dive

Director of Requirements,
Headquarters, U. S. Air Force,
Washington 25, D. C. ATTNs AFDRQ-A/M

Director of Research & Development,
1;eadquarters,
Washington 25, D. C. ATTNs Combat Components Div.

Director of Intelligence# 2
Headquarters, U. S. Air Force,
Washington 25, D. C. ATTNs AFOIN-182

The Surgeon General,
Headquarters, U. S. Air Force,
Washington 25, D. C. ATTNi Blo Deferme Br*, Prey Med Division

Commander-in-Chlef,
Strategic Air Command,
Offutt AFB, Nebraska
ATTN: Chief, Operations Analysis

Commander, Tactl:al Air Command,
Langley Air Force Base, Va. ATTNt Doc Sec Branch

Commander, Air Defe-se Commands
Ent Air Force Base, Colorado

Commandoro Air Materiel Command, 2
Wright-Patterson Air Force Base, Ohio

Commander, Air Training Command,
Sentt Air Force Base, III. ATTNI DCS/O GTP

Commndor, Air Research & Development Command, 3
P. On Box 1395,
Baltimore 3, Mdo ATTNt RDDN

Commnder, Air Proving Ground Command,
E,.lin Air Force Base, Flao ATTNI AG/mB
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Lirector, Air Universlty Library, 2
Maxwell Air Force Base, Als.

Commander, Flying Training Air Force., 2
Waco, Texas ATTN: Director of Observer Training

Commander, Crew Training Air Force,
Randolph Air Force Base,
Randolph Field, Tex. ATTN: 2GTIS DCS/O

Commander, Technical Training Air Force,
Gulfport, Miss. ATTNs TAMD

Commander, U. S. Air Force School of Aviation Medicine, 2
Randolph Air Force Base,
Randolph Field, Texas

Commander, Wright Air Development Center,
Wright-Patterson Air Force Base, Ohio
ATTNs WCOSI

Commander, Air Force Cambridge Research Center,
L. G, Hanscom Field,
Bedford, Mass* ATTN. CRiST-Q

Commander, Air Force Special Weapons Center,
Kirtland Air Force Base, N. M.
ATTNt Technical Information and Intelligence

Commander, U. S. Air Force Institute of Technology,
Wright-Patterson Air Force Base, Ohio
ATTN: Resident College

Commander, Lowry Air Force Base,

Denver, Colo. ATT4 Dept of Armament Training

OTHER DOD ACTIVITIES

Dlroct,-)r, Wenpons Systems Evaluation Group,

_HAi , Af . Now York, N. Y,

Assistant Secretary of Defense,
(Reearch and Development),
Washington 25, D. C. ATTN. Tech Library

Co'in'ndnnt, ArmAd Forcoq Staff College,
Norfolk II, Va. ATTNi Socretary
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A ' ,i EE

Comrnan,-,r, Field Commands 6
AFSWr, PO Bnx 5100,
Albuquerlue, N. M.

Chief, Armed Forces Spocial Weapons Project, 15

Washington 25, D. C.

PANEL ON THi;JlAA1 PADIATION

Massachusetts Institute of Technology, 1
Director, Division of Defense Laboratories,
Lincoln laboratory,
Cambridle 19, Mass.
(For Prof. Hoyt C. Hottel)

Dr. Edward 0. Hulburt,
Senior Scientist,
International G'ophysicol Year,
National Aced.,my of Sci-)r ;es,
2101 Constitution Avenues
N.W., Washington 25, D. C.

University of Rozhoster,
Atomic Energy Projoct,
P. O. Box 267,
Station 3, Rochester 20, Now York
ATTN: Tech Report Control Unit
(For Dr. Herman E. Ponrse)

Commmnder, U. S. Naval Air Development Center,

Johnsville, Pa. ATTN, Dr. J. D. Hardy, Aviation .tiJical Acceleration Lab.

OTHERS

Sandia Corpnration,
Sandia Base,
Albuquerque, Now Mexico
ATTIN Classified Fnocument Div (For Dr. E. F. Cox)

Los Alamos Scientific Laboratory1
P. O. Box 1663,
Los Alamos, N. M,
ATTN: Report Librarian (For Dr. Alvin C. Graves, J-Division)

Los Alamos Scientific Laboratory,
P. 0. Box 1663,
Los Alamos, N. M. ATTN: Report Librarian

Technical Operations, Inc.,
2000 P St.0 N.W.,
Rm 511,
W!-hington 6, D.C. ATTN: Security Officer (For Mr. Greostone)

Mndical Colloqn of Virginia,
Box 222,
Richmond, Va.
ATTNt Maj. Gnn, W. F. Tomkins (For Dr. William T. Ham)
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Dircctor, California Forest and Range Experimental Station,
U. S. Forest Service,
P. 0. Box 245,
Berkeley, Calif*
ATTNs W. L. Fons, Dlve of Forest Fire Research

Massachusetts tnstitute oif Technology,
Director, Division of Defense Labs,
Lincoln Lab,
Cambridge 19, Masse
(For Prof, G. C. will ia,)

Mr. H. D. Bruce,
Forest Products Lab*.
North Walnut Street,
Madison 5, Wisconsin

Chief. Fire Research Division#
Forest Service,
U. So Department of Agriculture,
Washington 25, D. C.
ATTNs Nr. Ao A. Brown
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